The decay B .... Xsy is analysed with the non·standard physical effects due to the charged Riggs contribution in the two·Riggs·doublet model. The hard Y emission of B·meson, being induced at one·loop level, is an important process to search for the non·standard contributions in the low energy region. It is shown that the charged Riggs contribution can provide sizable enhancements for the weak radiative B·decay compared to the standard model. It is also found that the process such as 2 )
B .... K*(1410)
+ y has the largest fraction in the exclusive radiative decays, which amounts to almost 20%. § 1. Introduction
Recent LEP experiments show no indication beyond the standard model(SM) of electroweak interactions. Below the Fermi scale the existing data are all consistent with the predictions of SM.!) The remaining main problem is to reveal the structure of the Higgs sector. It seems that the gauge coupling unification is realized by the minimal supersymmetric model (MSSM) at the GUT scale 10 16 GeV.
2 )
The MSSM has two Higgs-doublets, which appear also in the other various models, e.g., in the axion resolution of the strong CP problem or in the superstring inspired E6-model. Though in SM the only physical Higgs particle is a neutral Higgs, the two doublets model has a physical spectrum consisting of three neutral scalars and a charged scalar. 3 ) At the energies probed by TRISTAN, LEP, SLC and Fermilab TEVATRON, there is no indication of the existence of any scalar particle. The direct search at LEp 4 ) for charged Higgs scalar puts the upper limit on its mass with mH:;::: mz/2 and SSC is now setting up to study physics of the Higgs sector. In the low energy region, we consider it is of much importance to study the effects of the virtual charged Higgs scalar based on the two-Riggs-doublet model (THDM) to open, if any, the window of new physics beyond SM. From this standpoint we look for the signature of the virtual charged Higgs scalar through the analysis of the weak radiative decays of B-mesons.
The experimental search for the virtual effects will be able to be carried out at the B-factory which is under proposalS) and is expected to give a sensitive test of SM or to provide important clues beyond SM. Already some analyses have been performed on the weak radiative process of B-meson from the viewpoint of SM 6 ) or of the models beyond SM, which include charged Higgs scalars,7),S) or super particles 9 ) or the fourth-generation of quarks. IO ) The charged Higgs scalar is expected to give the most sizable effects among these extra candidates beyond SM, because of the large Higgs-coupling with the top quark, as shown in the following. So in this paper we concentrate on the effects of the charged Higgs scalar within THDM ( This interaction induces the effective r emission atone loop level corresponding to the SM process with the W-boson replaced by the charged Higgs H+ as will be discussed in the free quark picture in § 2. Section 3 is devoted to the comparison of predictions with experiments. The theoretical study on the exclusive processes is also significant, because it is expectable that the weak radiative processes of B decay might be saturated by the two body decays such as B--> K (higher resonance) + r. Then the analysis of the exclusive decays is given in § 4. We present some discussion in § 5. § 2. Weak radiative decay of B-meson in the two-Higgs-doublet model
The one-loop flavour changing processes s --> dr and b --> sr have received a good deal of attention in the literature. In SM these processes occurs via the exchange of a virtual W-boson.ll) In models with a charged Higgs' scalar which couples to fermions, there is generally a corresponding process with a charged scalar appearing inside the loop in place of the W-boson. By using Eqs. (1·1) and (1·2) we obtain the following matrix element for the b --> sr interaction: 
In Eq. (2'5), the factor -0.191 is induced from mixing with mainly the interaction 02 whose definition is also in Appendix A. In the approximation that the 07 operator mixes with only Os and 02, the coefficient C7(mb) is
as discussed in Ref. 14) . As shown in the next section our predicted decay rate given by Eqs. (2·4) and (2'5) is somewhat different from the value obtained in Ref. 14) . Numerically we find that, for the values of cotj3 much less than 1, the effect of charged Higgs exchange on the weak radiative interaction is still visible in contrast with the case of gluonic penguin interaction. 16 ) In the gluonic penguin interaction, the charged Higgs effect is noticeable only for the parameter cotj3 to be larger than l. This circumstance is attributed to the fact that the soft GIM cancellation in SM works in the virtual gluon interaction and the contribution of the term derived from THDM is proportinal to cofj3 in the process of b---+s+"g"---+s+q+ q:
respectively. This gives the remarkable contrast between the radiative b-decay and the gluonic penguin case.
For larger values of cotj3, the second term of the r.h.s. in Eq. (2·2) is enhanced for the appropriate values of mt and mHo So the effect of the charged Higgs exchange on the weak radiative interaction is rather distinguishable compared to the case of small values of cotj3. which is close to zero. These facts suggest that the weak radiative processes are favourable ones to search for the effect of the virtual charged Higgs scalar. to estimate the inclusive weak radiative branching ratio. In Fig. l(a) , the mrdependence of the branching ratio is shown with mH=200GeV and cotj3=O and 2 to be compared with SM. Though the predicted branching ratio in SM has rather small mt-dependence within the region between 100 GeV and 180 GeV, the dependency on mt is rather strong in THDM. The dashed line is for cotfj'=O, the solid line is for cotfj'=l and the dash-dotted line is for cotfj'=2 and the bottommost flat line is the SM prediction whose value is 3.3 x 10-'. The shaded area under the solid line shows the allowed region' by the experimental upper limit.
cot/3 
--------------------------
In Fig_ 2 we show the allowed region of mH and cot/3 obtained from this experimental limit as well as the results of the other analyses which will.be discussed at the next step.
There have been given several bounds on mH and cot/3 based on some theoretical speculations. 19 ) One is to require that the width of the charged Higgs scalar should be less than half of its mass if mH::::: mt + mb, which leads to cot/3 s4, while the case mt ::::: mH + mb leads to cot/3 s 10 from the same condition for the width of the t -quark
The other is to ask for the perturbative Yukawa coupling for tbH-and this leads to N ow we want to remark that the presence of the charged Higgs scalar affects also the other phenomena. In particular, it contributes significantly to the Bd O -Bd o mixing and the €-parameter in the neutral K meson system.
In the following, we study these subjects by use of the recent improved experimental data.17) Let us start to consider the particle-antiparticle mixing. . The short distance dispersive part of the neutral P-P mass matrix Mij, where P denotes the Then the allowed region of the Higgs parameters is derived as follows. First we note that the maximal estimate of the charged Higgs scalar contribution to the observed quantity is given when the allowed contribution of SM is estimated to be minimum. Therefore, we should estimate the contribution of SM to be as small as possible. The difference between the calculated values in SM and the experimental ones, for which we take the largest ones From the above arguments, the bounds are shown in Fig. 2 Improvement of the theoretical estimate of these parameters is awaited to obtain more reliable bounds. Here, we warit to mention the constraint from the t'/t ratio in the K meson system. The constraint from the present data of this ratio is too loose to bound the Higgs parameters because of the large experimental error.17) In future, if the experimental value of t'/e will be obtained more precisely, it can determine the phase ¢ and a tight bound for the Higgs parameters will be given.
Consequently, in the present situation, we may say that, throughout the whole region of cotj3, the decay B -> Xs + r is one of the most favourable processes to detect the virtual effects of the charged Higgs scalar if its mass is below 500 GeV. § 
Exclusive decays into higher K -resonances
In the previous sections, the inclusive weak radiative B meson decay is studied by The saturation by the resonance modes is also supported by the liNe expansion approach to the hadronic matrix elements. 22 ) The lowest sq resonance that contributes to the weak radiative decays is the K*(890) meson, whose case is analysed by several authors. 7 ),23)-25) . However, this channel seems to be strongly suppressed by a hadronic form factor as discussed later. For higher-mass resonances, the rate may possibly be not suppressed by hadronic form factors. The decay rate is dominated by sq resonances with masses of order (4·1) in the limit of the large b-quark mass, where A is the QCD energy scale. 14 ) Therefore, it is significant to study the exclusive decays into higher K-resonances to search for new physics. Also the analyses of the exclusive decay are helpful for the future experimental study at B-factory. We shall intensively focus on the weak radiative two body decays of the B meson.
In the sq(q= u or d) system, a rich spectrum of states has been observed. The resonance state K res is specified by n, L, sand J, which denote the radial excitation quatum number, the orbital angular momentum, the sum of each spin of the two quarks and the total spin of the meson, respectively. We investigate the following states with the notation n 
Using the Gordon identity, the 0 7 operator is reduced to
07(mb)= C{(mb+ ms) sYP.b-(mb-ms) syp.ysb-(p+ p')p.s(l + ys)b}Ep., (4·4)
where C==-emb/16TC 2 and Ep. is the polarization vector of the photon. Then, the hadronic matrix elements are given in terms of several form factors at zero value of the squared transfer momentum as follows: 
(0), g(O), k(O), h(O), 1(0), q(O), r(O), v(O), 1'(0) and g'(O)
for each final state generally depend on the quark potential. Here we use the form factors given by Isgur, Scora, Grinstein and Wise (ISGW),2l) which have successfully been applied to the electron energy spectra of semileptonic D and B meson decays. They have used the wave functions derived from the Coulomb plus linear potential. This simple model gives quite reasonable spin-averaged spectra of cd and bd mesons up to L=2. Those form factors, which are given in Appendix C, include the relativistic compensation factor, although their model is the nonrelativistic one. Since the radiative decays have the largest recoil point q2=0, this compensation factor is important in our analyses. In the naive quark model calculations, the decay into the 11 Pr state is forbidden, because the 07 operator is a spin-flip one. So, the Kl(1270) and Kl(1400) mesons can decay only through the component of the 1 3 Pr state.
The decay width of possible modes is generally
Since the inclusive decay width is
is independent of the value of C7(mb)_ Hence, this ratio is free from the QeD correction as well as from the charged Higgs contribution. Our predicted fractions are we believe that the spin structures of the higher resonances of the K meson are too simplified in the heavy quark effective theory. The 11ms corrections are expected to playa significant role in these decays.27) On the contrary, it is to be remarked from Eq. (4 ·13) that, in our result, the decay into the radial excitation state K*(1410) is strongly enhanced. In comparison with Ref. 25) we conclude that the observation of the main decay mode in future experiment at B-factory is very important to test the models.
In Table I , we show the branching ratios for the decays to the K meson resonances, which depend on the QeD corrections and the charged Higgs contribution. As seen in Table I , the charged Higgs effect increases the branching ratios by about factor 2 compared with SM at the typical values as mH=200 GeV and cot,8=1. If the Higgs mass is larger than 500 GeV it is very difficult to find the effects of the Higgs contribution through the weak radiative B-decays. § 
Summary and discussion
The radiative rare decay of B-meson is the very important process to obtain the information on new physics beyond SM. Esp"ecially the charged Higgs effect is sizable for the appropriate parameter region for mH and cot,8 as discussed in this paper. The experimental upper limit is just close to the prediction given by the effect of charged Higgs scalar for the typical values of the parameters mH ~ 200 Ge V and cot,8~2. So the experiments on the rate decay modes at the B-factory seem to be very important to get the signal of new physics, especially the charged Higgs scalar based on THDM in the low energy region.
The analyses of the exclusive B-meson decays suggest that the decay channel B->K*(1410)+r has the largest fraction in the exclusive weak radiative decays. This result is remarkably different from the recent predictions given in Ref. 25) . The calculation of the exclusive decay fraction depends on the structure of form factors. So, it is necessary to check those form factors in other processes such as the nonleptonic decays. 
)

Appendix C
We show the form factors of the B(bd)~ X(sd) transition in the ISGW mode1. 21 ) Throughout ~he following, we employ the definitions: 
